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[Insert Figure 1 here] Second, FDI is an important source of external finance in the formation of capital and facilitates the transfer of resources, human capital and technological progress between countries, thereby representing an important means by which the transition economies can promote growth and development. Last, the changing nature of FDI is an important means of studying the process of liberalisation towards market based regimes.
Previous empirical studies on the transition economies tend to link FDI determinants to the traditional market seeking and efficiency seeking motives of overseas investment, but these studies are not grounded in the theoretical underpinnings based on formal theories of the multinational enterprise (MNE). More recently, the observation that much of global trade is conducted by MNEs has prompted microeconomic general equilibrium extensions of the trade literature in which MNEs also feature.
Six types of firms can exist in equilibrium: two national firms, two vertically integrated MNEs and two horizontally integrated MNEs; two of each firm type because a firm can be located either in the home or the foreign country. Built on the new trade theory, national firms exist only if international factor prices are equalised and the volume of trade increases with similarities in relative country size (Helpman 1987; Helpman and Krugman 1985) . If international factor prices are unequal, vertically integrated MNEs that geographically separate headquarter (HQ) activities from production activities are formed in response to dissimilar factor endowments (Helpman 1984; Helpman and Krugman 1985) . In another strand of the literature, a horizontally integrated MNE seeking to increase foreign market share and economise on trade costs can arise in equilibrium. While Markusen (1984) emphasises firm specific assets that are characterised with a 'public good' or 'jointness' aspect of the firm's production activities which eliminates the need to duplicate the joint inputs across plants, Brainard (1993) formulates the choice between exporting and MNE production in terms of a trade off between proximity to customers and concentration of production.
Theoretical developments brought about an empirical specification. Known as the knowledge capital (KK) model, Markusen and Maskus (2001) and Carr et al. (2001) estimate a hybrid model which combines the motives of vertically and horizontally integrated firms based on the simulated predictions of Markusen et al. (1996) and Markusen (1997) . Different country characteristics favour different firm types. Specifically, national firms dominate other firm types under three scenarios: first, the country is large and is skilled labour abundant; second, trade costs are low and countries are similar in size and in relative endowments; and third, investment barriers in the foreign country are high. As countries become increasingly different in relative factor endowments, factor price equalisation fails to hold and vertically integrated firms enter the market, locating their production facilities in the unskilled labour abundant country. Therefore, vertical MNEs dominate when trade costs remain low and countries differ substantially in relative factor endowments, although they may be somewhat similar in size. Horizontal MNEs, on the other hand, dominate production when trade costs are moderate to high and countries are similar in size and in relative factor endowments.
The contributions of this paper are three fold. First, in relating FDI to country characteristics, the KK model is estimated for a panel of bilateral FDI stocks from 10 western European countries to 10 eastern European countries over the 1996 to 2007 period. As the data do not distinguish between the differing types of FDI, estimating the hybrid model provides an insight into the dominant motive for investing in the eastern European economies over the transition phase from communism to EU accession. While previous findings on the market seeking motive are uncontroversial, 1 the results relating to the efficiency seeking motive are 1 Most studies have confirmed the importance of the market-seeking motive for the transition economies, whether proxied by GDP (Bevan and Estrin 2004) , population (Egger and Pfaffermayr 2004) or market potential, as mixed. For example, Carstensen and Toubal (2004) obtain a negative and significant coefficient for relative unit labour costs, Clausing and Dorobantu (2005) find the coefficient for average compensation rates to be marginally significant only while the findings of Demekas et al. (2007) suggest the negative effect of unit labour costs disappears above a specified threshold.
Furthermore, Bellak et al. (2008) note that labour costs are of minor importance compared with the core gravity variables.
Increasingly important in attracting FDI to the eastern European countries is the quality of labour rather than the cost of labour. These countries possess a highly educated labour force, 2 allowing them to benefit from the technology and knowledge transfer associated with FDI. The KK model also takes account of the institutional environment, which can affect FDI in different ways. While high trade barriers tend to induce horizontal FDI (HFDI) while reducing vertical FDI (VFDI), high barriers to investment tend to deter both types. Not previously emphasised in the traditional literature, the effects of barriers to both trade and FDI in the eastern European countries are estimated.
measured by the market size of neighbouring countries (Carstensen and Toubal 2004) . Indeed, the core gravity variables (market size and proximity) are consistently found to be the most important explanatory variables of FDI.
2 Comparing the percentage ratio of enrolment in tertiary education (World Development Indicators, World Bank), the average value for the ten eastern European countries in the analysis (61.6) is similar to that of the ten western European countries (67.6), although there is some degree of variability between the countries.
Second, the changing nature of FDI is assessed over time. Specifically, the relative importance of HFDI and VFDI is evaluated before and after EU entry. The consequences of economic integration can have ambiguous effects on FDI: on the one hand, access to larger markets promotes HFDI while, on the other hand, lower trade barriers reduce the incentives for HFDI and at the same time induce VFDI.
Third, observed FDI is assessed against a maximum level of FDI feasible for the group of 10 eastern European countries using efficiency scores generated from a stochastic frontier approach to estimating the KK model. If two countries achieve an efficient level of FDI, they will operate on the frontier and will realise their maximum FDI potential otherwise deviations of observed FDI levels from frontier estimates indicate inefficient levels of FDI, implying scope for improved FDI performance. Similar in approach to that used by Armstrong (2011) who examines the performance of China's investment overseas, the frontier specification of the KK model represents a new approach to assessing FDI potential over existing measures which benchmark FDI potential (using a set of economic and policy factors) against FDI performance based on a standardised measure of a country's inward FDI to the size of its economy (Rodríguez et al. 2009f; Rojec and Damijan 2008; UNCTAD 2002) or the deviation from predicted levels given optimal policies (Demekas et al. 2007 ).
The layout of this paper is as follows. Based on the unified treatment of horizontally and vertically integrated MNEs, Section 2 presents the KK model specification relating FDI to country characteristics. The model definitions and data sources are set out in Section 3. The results in Section 4 are split between the KK model coefficient estimates and the efficiency scores of FDI performance. Section 5 concludes.
Model specification and estimation strategy

The knowledge capital model
Following the general equilibrium extensions of the trade literature which give rise to MNEs, the specification for the knowledge capital (KK) model of affiliate sales estimated by Carr et al. (2001) and applied to FDI stocks (Blonigen et al. 2003) 3 is: In principle, skilled labour differences, t ij DSKILL , can be ambiguously signed, but as a firm tends to be headquartered in the skilled labour abundant country its sign is predicted to be positive. A negative coefficient sign is expected for the first interaction term,
, in favour of VFDI and the geographic separation of a firm's headquarters from its production facilities. According to the simulations of Carr et al. (2001) , affiliate production is highest when the home country is relatively small and is highly skilled labour abundant. Therefore, the firm's headquarters will be located in the home country, which is abundant in skilled labour and the firm's production facilities will be located in the foreign country, which is large enough to support production at a lower cost. The coefficient for the second interaction term, ) (
The knowledge capital model estimated using stochastic frontier analysis
To assess FDI performance between the western and the eastern European countries, the KK model is estimated using stochastic frontier analysis (SFA). Estimating the KK model as a stochastic frontier specification involves sub dividing the right hand side variables into two subsets: the core gravity variables and policy related factors. The first subset of GDP and skills related variables are used to identify the maximum possible level of FDI on the frontier, thereby forming an upper boundary of FDI levels against which observed FDI levels can be benchmarked. The second subset of policy oriented cost variables are used to capture the distance between observed levels of FDI and frontier estimates. While policymakers have a limited role in influencing the first subset of variables, (national income and the quality of labour cannot easily be altered in the short run), the gap between actual and maximum FDI levels can be closed by improving the institutional environment and creating a healthy investment climate.
Performance analysis within the SFA framework proceeds by determining a frontier function against which actual performance is benchmarked. In a production context, SFA can be used to determine the maximum output that can be produced given the input bundle used and existing technology. Actual observed output of fully efficient firms coincides with frontier levels of output if production is technically efficient, but will deviate from the frontier if production is technically inefficient. In other words, a firm operating at a point within the frontier indicates a shortfall between the observed and the maximum possible level of output, implying scope for improved firm performance. Used extensively in the analysis of firm performance, SFA in the current context is used to examine foreign investor performance. Specifically, bilateral FDI performance is defined relative to a maximum possible level of FDI for a given country pair.
Proposed by Aigner et al. (1977) and Meeusen and van den Broeck (1977) , SFA provides an avenue to estimating frontier functions and efficiency estimates. Specifically, the error term is constructed as the sum of the symmetrically distributed random error term and a non negative, technical inefficiency term. Given the distributional assumption for the composed error term, parameter values for the frontier are obtained through maximum likelihood (ML) estimation.
Adapting the KK specification to the SFA framework thus involves two fundamental changes to equation (1). First, the error term is decomposed into two parts namely a random error term and an inefficiency term. Second, the explanatory variables are subdivided into two groups representing the frontier and the distance from the frontier. The stochastic frontier specification of the KK model is specified as follows: u , assumed to be distributed independently of the random error and the regressors. Its magnitude indicates whether observed FDI levels will be located on or below the FDI stochastic frontier,
θ , which will vary for each country pair due to the symmetric random error component (Aigner et al. 1977) .
5
A measure of FDI performance specific to each country pair can thus be obtained as
, which takes a value between zero and unity. Whereas an efficiency score of unity suggests actual and maximum FDI levels coincide on the frontier, values closer to zero indicate scope to raise actual FDI levels closer to frontier estimates.
Following Battese and Coelli (1995) 
where and (.) Φ is the distribution function of the standard normal random variable.
Data
The Table 2 .
[Insert Tables 1 and 2 here] (2) and (3) show the subsample results for the pre EU accession years (1996 to 2003 and 1996 to 2006) [Insert Table 3 here]
Empirical results
The knowledge capital model estimates
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The γ parameter -the ratio of the variance of the inefficiency component, ( The coefficient for the first interaction term, the product of the differences in the economic size and skilled labour endowments, is positive at odds with the view that FDI abroad is highest when the home country is small and is relatively skilled labour abundant. Carr et al.
(2001) had suggested the Netherlands, Sweden and Switzerland fit this category of countries.
The positively signed coefficient, however, suggests VFDI gives way to national firms which benefit from economies of scale in the home country and serve foreign markets by exports. As incomes converge and countries become increasingly similar in size, HFDI will eventually replace these national firms. In lieu of the second interaction term between the host country trade cost index and the square of skilled labour differences the negatively signed coefficient suggests high trade costs coupled with similar skilled labour endowments reduces VFDI.
The ML results for the trade cost indexes suggest a mixed pattern of HFDI and VFDI.
Note the different interpretation for the cost coefficients here. The KK model predicts the composite measures of trade restrictions will either stimulate HFDI or impede VFDI. Cast as inefficiency determinants using the SFA approach (Battese and Coelli 1995) , opposing coefficient signs are expected. In particular, the negatively signed coefficient for trade costs in the host country is consistent with greater efficiency of HFDI whereas the positively signed coefficient for trade costs in the home country suggests a reduced efficiency of VFDI. In other words, trade costs motivate outward HFDI from the western European countries while, in the opposite direction, the VFDI motive is restricted by trade costs in the home country. On the whole, the relatively low magnitudes and broadly insignificant coefficients suggest a low degree of multilateral resistances. In other words, eligibility for EU accession has brought about the removal of trade barriers and introduced reforms under the Acquis Communautaire.
Remaining barriers to investment decrease FDI. In accordance with the predictions of the KK model and the SFA interpretation of a reduced efficiency of FDI, the positive coefficient for the investment cost index indicates both types of FDI are discouraged. While Smarzynska
Javorcik (2004) note that the magnitude of the effect tends to be higher for developing countries that lag behind in technological sophistication, Yeaple (2003) suggests the effect of FDI barriers is greater for vertical FDI. Although relatively low in magnitude, the effect becomes significant post EU accession, implying scope to further liberalise investment and improve the quality of the institutional environment.
Robustness checks
Overall, the KK model parameters suggest a dual role for HFDI and VFDI patterns between the western and the eastern European countries over the period 1996 to 2007. Several checks on the results are undertaken to confirm the robustness of the KK model proxy variables.
First, as the two interaction terms are highly correlated with the skills difference variable (see Table 2 ), the KK model is reestimated without these terms. Column (1) of Table 4 suggests the results are robust to the exclusion of the interaction terms; although the coefficient magnitude for the skills difference variable is reduced, its sign and significance remains intact.
Second, the restriction indexes are redefined in terms of trade and investment intensities.
This convention follows Blonigen et al. (2003) (2), the results indicate all three cost indexes are significant with coefficient signs as expected. The magnitude for the investment cost index, however, seems unrealistically high and therefore may not be the best measure of FDI restrictions. Moreover, the insignificance of the γ parameter indicates that the variation in the composed error term is due to the random error term.
[Insert Table 4 here] Third, focusing mainly on the skills difference variable, several amendments to the model have been proposed in response to criticism that the KK model does not adequately account for VFDI. Blonigen et al. (2003) argue that when skilled labour differences are specified in absolute terms, the horizontal model cannot be rejected in favour of the KK model. As shown in column (3), substituting the difference of skilled labour for its difference in absolute values does not materially affect the KK model results apart from some minor changes to the coefficient magnitudes and an insignificant second interaction term. 10 To allow for a nonmonotonic relationship between FDI and skills differences, Davies (2008) appends the square of the skills difference to the KK model specification. The results in column (4) suggest both the skills difference and its squared term negatively affect FDI, implying a linear and nonlinear effect.
Given the data limitations on tertiary enrolment rates, the KK model is reestimated using the difference between secondary school enrolment rates, 2 SKILLS , available from the World Development Indicators, and its associated interactions (Kristjánsdóttir 2010) . The results shown in column (5) indicate no substantial changes to the model coefficients apart from the nonsignificance of the skills difference variable; any differences arising from secondary school enrolment rates do not significantly affect FDI. As an additional robustness check on the skills difference variable, the model is reestimated for the period 1999 to 2007 corresponding to when a full set of information is available for enrolment rates with no discernible changes shown in column (6) except that all three cost variables are now insignificant at conventional levels.
The remaining set of results in Table 4 check the robustness of the maximum likelihood estimations against alternative estimators. The results shown in column (7) include country dummies to allow for heterogeneity among the group of 10 eastern European countries while in column (8) the standard errors in column (7) are adjusted for heteroscedasticity. All cost indexes become insignificant and the magnitude for the host country GDP increases, otherwise the remaining KK model results remain intact.
Finally, the results may suffer from endogeneity bias arising from the simultaneous determination of FDI and some of the explanatory variables.
11 For example, more FDI inflows 2003). Generating efficiency scores from two separate frontiers, however, will reduce comparability of the results and so is avoided here.
can potentially lead to higher GDP. The volume of inward FDI can also induce governments to reduce restrictions on investment. To alleviate the potential problem of simultaneity bias, the KK model is reestimated using the two stage least squares (2SLS) approach. A one period lagged value is used as an instrument for the GDP related variables and the investment cost index. All other variables serve as their own instruments. Although the core KK model variable coefficients remain broadly unchanged, the 2SLS results indicate trade and investment costs significantly affect FDI.
Additional inefficiency determinants
Restrictions on trade and investment are not the only policy factors that can affect FDI;
foreign investment in the eastern European countries is potentially influenced by other factors that are not explicitly addressed in the KK model. For example, low labour costs have long been associated with the VFDI motive of cost efficiencies. Foreign investment can also be induced by economic and political stability. The findings of Globerman and Shapiro (2002) , for example, suggest a country's governance infrastructure -defined in terms of its political, institutional and legal environment -is a plausible determinant of FDI for a broad sample of both developed and developing country locations.
The flat tax system, characteristic of many eastern European countries, can also incentivise foreign investment on the grounds of simplicity and transparency and because the relatively lower corporation tax rates increases firm profitability. 12 Finally, a good domestic capital base can attract more capital from abroad while a good infrastructure network is especially appealing to foreign investment of the vertical type. As with the trade and investment cost indexes, opposing coefficient signs are expected for the policy determinants of FDI inefficiency within the SFA framework because less inefficiency helps close the gap between actual and potential FDI performance.
Extending the KK model to allow for policy determinants of FDI inefficiency, the results are shown in Table 5 . In column (1), the cost of labour, measured as the real manufacturing wage index, sourced from the Key Indicators of the Labour Market (KILM), International Labour Organisation (ILO), is shown to negatively affect FDI inefficiency, contrary to an expected positive coefficient sign. In line with the mixed evidence in the literature this empirical ambiguity can arise from the use of data unadjusted for productivity, but can still be consistent with the predictions of the labour cost hypothesis. Indeed, Resmini (2000) argues that the high quality of labour in the eastern European countries means that the gap in productivity with the western European countries is less important than the wage cost differential.
[Insert Table 5 here]
In columns (2) and (3) conditions, the investment profile, internal and external conflict, corruption, the involvement of the military in politics, religious tensions, law and order, ethnic tensions, democratic accountability and bureaucracy.
Direct investment efficiency scores
Satisfied that both HFDI and VFDI are represented in the KK model, the focus of attention now turns to examining the efficiency of FDI performance between the two sets of countries. The FDI efficiency scores for each bilateral pair of countries associated with the stochastic frontier specification of the KK model (column 1 of Table 3 ) and averaged over the years 1996 to 2007 are shown in Table 6 . 14 High efficiency scores suggest direct investment between two countries is close to their maximum levels whereas low efficiency scores indicate deviations of actual FDI from frontier estimates, implying scope for improved FDI performance.
[Insert Table 6 Averaging across the ten new EU member countries, the efficiency scores suggest Denmark, Germany and the Netherlands are the strongest FDI performers in the region. Of the western countries, Italy most frequently attains low scores with its eastern counterparts; its more inwardly nature indicates highest potential for bilateral FDI growth.
On the whole, the divergent efficiency scores suggest that countries which are closer to achieving FDI potential tend to be associated with the ability to attract high quality FDI. In other words, the composition of FDI matters for FDI performance. Countries with poorer FDI performance stand to gain the most by improving their institutional environment: easing investment restrictions in line with trade restrictions would considerably improve their prospects for achieving potential FDI. Maintaining relatively low wage and taxation rates coupled with the upkeep of a good infrastructural network is also crucial to attracting more FDI.
Conclusions
In summary, asserting the exact nature of FDI to the eastern European countries is difficult, not least because the data do not distinguish between the differing types of FDI. Estimating a hybrid model that combines both types of firm motives serves to overcome this problem. In integrating the horizontal motive of MNEs aligned with the proximity advantages of local production and the avoidance of trade costs and the vertical motive of MNEs linked to dissimilar endowments of skilled labour, the KK model is estimated for a panel of FDI stocks from 10 western European countries to 10 new EU member countries over the transition period of 1996 to 2007.
The KK model results suggest a coexistence of HFDI and VFDI patterns. Similar country characteristics favour HFDI, taking place mainly between the high income countries (the GDP for both countries); between countries of sufficient size similarity (the squared difference of GDP); between countries relatively abundant in factor endowments (the difference of skilled labour); and the combined effect of size and factor similarities (the interaction term between the product of the differences in economic size and skilled labour endowments). Trade costs in the host country are also relevant to HFDI as it seeks to avoid transport costs and trade barriers by producing goods locally. In contrast, country characteristics that have a deterring effect on VFDI include the combined effect of trade costs and factor similarities (the interaction term between the host country trade costs and the square of skilled labour differences), high transport costs (the geographic distance) and costs involved in the reexport of goods back to the home country (trade costs in the source country). Investment restrictions also play a role in deterring both types of FDI. A comparison of the pre EU and the post EU subsamples indicate a reorientation towards the horizontal motive of FDI over time, suggesting that larger market size and the economics of large scale production now dominate trade barriers as a motivation for FDI.
Using a stochastic frontier approach to estimating the KK model, the efficiency of FDI performance is identified relative to maximum potential levels. Overall, the FDI efficiency scores suggest a mixed degree of FDI integration with average FDI performance ranging from one third (Slovakia) to nearly two thirds (Hungary) of frontier estimates. Hungary's lead position is not surprising given its early liberalisation process and quest for high quality investment. Next in line is Estonia, its disdain for investment restrictions contributes to relatively high efficiency scores. At the other end of the spectrum, Lithuania, Slovakia and Slovenia stand to gain the most from further liberalisation according to the FDI efficiency scores. From the investor country perspective, high efficiency scores suggest least manoeuvre for better FDI performance emanates from France, Germany and the Netherlands in contrast to Italy, which has the greatest scope for more efficient FDI.
Improving bilateral FDI performance is important as the eastern European countries continue on their paths of liberalisation and catch up with their western counterparts. In the short term, improving their institutional environment by easing investment restrictions in line with trade restrictions would enhance their prospects for achieving potential FDI. The role of low wage and taxation rates in addition to a good infrastructural network also remains important in attracting FDI. In the longer term, attracting top quality FDI might best be achieved by an outward shift of the FDI frontier involving policies that develop specialised human capital activities as a complement to an already well-educated and skilled workforce. 
Inefficiency determinants
Source country trade costs 0.13*** the ratio of the variance of the inefficiency component to the variance of the random error. *** is significant at the 1% level; ** is significant at the 5% level; * is significant at the 10% level. -6) . In column (1), the two interaction terms are excluded due to correlation with the skills difference variable. In column (2), the restriction indexes determining inefficiency are redefined in terms of trade and investment intensities (Blonigen et al., 2003) . In column (3), the skills difference variable is respecified in absolute values (Blonigen et al. 2003) . In column (4), the square of the skills difference variable is appended to the KK model specification (Davies 2008) . In column (5), the KK model is reestimated with the difference between secondary school enrolment rates and its associated interactions (Kristjánsdóttir 2010) . Finally, in column (6), the original KK model is reestimated for the subsample period 1999 to 2007 corresponding to when a full set of information is available for tertiary enrolment rates. Robustness checks on the SFA maximum likelihood estimates are shown in columns (7-9). In column (7), country dummies are included to allow for heterogeneity among the group of 10 eastern European countries. In column (8), the standard errors in column (7) are adjusted for heteroscedasticity. Finally, to alleviate endogeneity bias, the KK model is reestimated in column (9) using the two stage least squares (2SLS) approach with one period lagged values used to instrument for the GDP related variables and the investment cost index. b Standard errors are reported in parentheses. c γ = σ 2 u / σ 2 u : the ratio of the variance of the inefficiency component to the variance of the random error. *** is significant at the 1% level; ** is significant at the 5% level; * is significant at the 10% level. The additional FDI inefficiency determinants in the eastern European countries include an array of policy factors. In column (1), the cost of labour is measured as the real manufacturing wage index. Columns (2) and (3) include international perception measures of economic and political instability respectively. Column (4) refers to taxation, defined as the highest marginal tax rate applied to the taxable income of corporations. In column (5), domestic capital stocks is measured by gross capital formation as a share of GDP. In column (6), physical infrastructure refers to the reform of telecommunications, railways, electric power, roads as well as water and waste water. Putting all the policy variables together, the results for the full model are shown in column (7). In columns (8) and (9), the policy variables are replaced with time effects or host country fixed effects respectively. b Standard errors are reported in parentheses. c γ = σ 2 u / σ 2 u : the ratio of the variance of the inefficiency component to the variance of the random error. *** is significant at the 1% level; ** is significant at the 5% level; * is significant at the 10% level. 
